An 8-wk growth trial was conducted to assess the effects of ovine growth hormone (oGH; 7 mg/d, sc) on growth performance and carcass composition of normal, growing wether lambs. Diethylstilbestrol (DES ;. 1 rag/d, so) and control lambs were included for comparisons. Plasma oGH levels at 8 wk were 1.9, 5~5 (P <.05) and 138.1 ng/ml (P<.001) for controls, DES and oGH lambs, respectively. Diethylstilbestrol did not increase plasma oGH until the fourth week. The oGH improved feed conversion 7.4% (FC; P<.05), but did not alter average daily gain (ADG) or feed intake (ADF). Diethylstilbestrol increased ADG 15.3% (P <.05) and improved FC 16.1% (P<.01), with no effect on ADF. The primary effect of oGH on carcass composition was to decrease the quantity of fat 8.9% (P<.05). In addition, oGH may have increased protein 6.5% (P<.10) and moisture 4.0% (not significant). Diethylstilbestrol increased the quantity of carcass protein 10% (P<.01) and moisture 8.7% (P <.05), with no effect on fat. In these studies, the primary effect of exogenous oGH on normal, growing lambs was to reduce carcass fat, which may account for the observed improvement in FC. Diethylstilbestrol, at 1/70th of the oGH dose, was superior to oGH for improving FC (P<.05) and ADG (P<.10). Improvements in body weight of the lambs given DES were observed 2 wk before an increase in plasma oGH. In addition, DES, unlike exogenous oGH, did not alter the quantity of carcass fat. These observations do not support the concept that the mode of
Introduction
Exogenous growth hormone (GH), given by injection, has been reported to improve the growth rate and feed conversion (FC) of normal, growing pigs (Machlin, 1972) , calves (Brumby et al., 1959) and lambs (Wagner and Veenhuizen, 1978) and to increase efficiency of milk production in dairy cows (Machlin, 1973; Peel et al., 1981) . In addition, GH administration has been reported to shift carcass composition from fat toward protein and moisture (Machlin, 1972; Wagner and Veenhuizen, 1978) . However, because of the shortage of GH, most studies did not use enough animals to define the magnitude of the responses to exogenous GH. In view of recent progress in producing GH through recombinant DNA techniques, the need for accurately assessing improvements in livestock performance due to exogenous GH has become even more important.
Diethylstilbestrol (DES; a synthetic estrogen) is an excellent anabolic growth promotant for ruminants that improves growth rate and FC of sheep (Clegg and Cole, 1954; Andrews et al., 1956; Trenkle, 1969; Preston, 1975) and cattle (Andrews et al., 1950; Trenkle, 1969; Preston, 1975; Preston et al., 1978; Heitzman, 1980) . In addition DES increases the protein and moisture content in the carcass of lambs (L. A. Muir, unpublished data) and steers (Rumsey et al., 1977) . The mode of action of DES has been suggested to be through GH (Lorenz, 1954; Preston, 1975) . Davis et al. (1970a,b) injected ovine GH (oGH) iv and fed DES to lambs. They observed that both hormones increased plasma glucose and insulin, decreased plasma urea N and increased N retention, supporting the 1315 JOURNAL OF ANIMAL SCIENCE, Vol. 56, No. 6, 1983 hypothesis that DES works through increased GH secretion. However, techniques to measure plasma GH were not available at that time.
The objectives of the present study were to determine the effects of exogenous oGH on the growth performance and carcass composition of normal, growing lambs and to compare the effects of exogenous oGH with those of DES.
Experimental Procedure
Trial Design. Forty-eight crossbred wether lambs were used in an 8-wk growth trial to evaluate and compare the effects Of chronic administration of oGH and DES. Lambs, with an average initial weight of 27.9 kg, were randomized to treatments according to weight. Because there were three treatments and iambs were housed individually, each treatment contained 16 pens and 16 lambs. Lambs were fed diet B-1 (table 1) and adapted to pens for 3 wk. Feed, salt and fresh water were available ad libitum. All lambs were shorn 2 d before the start of the trial. During the growth trial, individual lamb weights and feed consumed were determined every 2 wk. Initial and final body weights were determined by weighings on 2 consecutive days. At the end of the trial, all lambs were shorn and necropsied. Empty carcasses (whole body minus head, legs from the carpal and tarsal joints, gastrointestinal tract and internal organs), including skin, were ground. Aliquots of ground carcass were stored at -20 C for analyses of moisture, protein and fat. Carcasses, wool and glands, including liver, pituitary, adrenal, pancreas and thyroid, were weighed.
Treatments and Blood Sampling. The treatments included control, DES a at .1 mg/d and oGH (oGH-LER-9/214) s at 7 mg/d. Both hormones were dispersed in olive oil and injected sc daily between 1030 and 1045 h in 2 ml/injection. Control lambs were injected daily with olive oil. Treatments were started on d 1 of the trial and were continued until necropsy. The oGH was reported by Dr. Con an as-fed basis according to laboratory analysis. rats). This level of potency was confirmed by Dr. S. Steelman 6 using NIH-GH-Sll 7 as the reference standard. Dr. Reichert also reported a prolactin contamination of less than .50 IU/mg (pigeon crop-sac assay), a follicle-stimulating hormone contamination of less than ".02 NIH-FSH-S1 units/mg (Steelman-Pohley assay), a thyrotropin contamination of less than .05 USP units/mg (Lamberg assay) and a luteinizing hormone contamination estimated at .025 NIH-LH-S1 units/mg (ovarian ascorbic acid depletion assay). The purity of the oGH was checked by Dr. R. L. Vandlen 6 using high resolution slab gel electrophoresis in sodium dodecyl sulfate and was found to be more than 90% pure monomeric GH, with 3 to 4% dimeric GH. All lambs were bled two times at 30-min intervals, the day before the first injection and again on the final day of the 8-wk growth trial. In addition, 12 lambs (four/treatment) were bled on d 0, 1, 2, 4, 7, 10, 14, 21, 28, 42 and 56 at 15-min intervals from 0900 to 1030 h. Also, on d 35, these 12 lambs were bled once every 3 h for 24 h, with the first sample taken just before hormone injection. Plasma samples (heparin) were stored frozen at -20 C for analysis of GH by radioimmunoassay (RIA).
Analytical Methods. Plasma GH was determined using a double antibody RIA procedure similar to the procedure of Davis (1972) , with some modifications. After first antibody addition, samples were incubated at 37 C for 4 to 6 h. Next, labeled hormone was added and tubes were incubated at 37 C for an additional 18 h. Finally, second antibody and polyethylene glycol s were added separately and samples were incubated at room temperature for 30 min before centrifugation. Growth hormone antiserum was developed and evaluated by Dr. M. Hichens 9. Antisera was produced in rabbits using the methods of Niswender et al. (1968) . The hormone used to produce the antisera was NIH-GH-S10 (.86 lU/mg) 7, The GH antiserum did not cross-react (<.2%) with FSH (NIH-FSH-Sll) 7, LH (NIH-LH-S19) 7, TSH (NIH-TSH-S7) 7 or PRL (NIH-P-Sll) 7. The hormone used for iodination was bGH (1.5 IU/mg), which was a gift from Dr. S. L. Steelman 6. The reference standard was NIH-GH-S107 . Assay sensitivity was .5 ng/ml.
Frozen carcass samples were reground and moisture, fat and N contents were determined by New Jersey Feed Laboratory, IneJ ~ according to AOAC (1980) procedures.
Statistical Analyses. Performance data, including body weight, average daily gain (ADG), average daily feed intake (ADF), FC and wool production; carcass data, including carcass weight, moisture, protein and fat, and gland weights were analyzed for treatment effects by least-squares analyses of variance (Harvey, 1960) using initial body weight as a covariant. Treatment means were compared using linear function, single degree of freedom comparisons (Harvey, 1960) . Plasma GH data were analyzed for treatment effects in a similar manner (Harvey, 1960) .
Results and Discussion
The effects of GH dose and vehicle, given by daily sc injections, on plasma GH levels of wether lambs were evaluated in preliminary studies (data not shown). Changing the amount of olive oil in the oil-water vehicle from 25 to 100%, increased both the period during which plasma GH was elevated and the area under the plasma GH curves for each GH dose tested. On the basis on these preliminary studies, a daily dose of 7 mg oGH in 2 ml of 100% olive oil was selected and projected to maintain plasma oGH levels of lambs above 75 ng/ml after 7 d of treatment.
The effects of daily injections of oGH and DES on plasma oGH levels of lambs selected for bleeding were determined by serial samples taken every 15 rain for 1.5 h on various days during the 8-wk trial. Control lambs had oGH values that ranged between an overall mean of 6.3 ng/ml on d 1 and 1.6 ng/ml on d 42 (figure 1). During the first 21 d of treatment, lambs given DES had plasma oGH values not different from controls. In addition, the amplitudes of the oGH secretory spikes were similar to controls (data not shown). At 28 through 56 d, the overall means of plasma oGH from lambs given DES were approximately double that of control lambs (P<.05). During this period, oGH secretory spikes in DES-treated lambs appeared to be greater in amplitude compared with those of controls (data not shown). Plasma oGH of lambs given exogenous oGH increased from an overall mean of 43 ng/ml on d 1 to 102 ng/ml on d 14 and remained in the range of 100 ng/ml for the duration of the trial. The profiles of plasma oGH in lambs injected with oGH were consistent over the entire study giving the appearance of secretory spikes with amplitudes of approximately 15 to 20% of the overall mean (data not shown). Serial samples were taken just before the day's treatment and, therefore, should represent the lowest oGH levels of the day for lambs given exogenous oGH. At the end of the trial, oGH values of all lambs were 1.9, 5.5 (P<.05) and 138.1 ng/ml (P<.O01) for controls, DES-and oGH-treated lambs, respectively. Patterns and final levels of other hormones and plasma metabolites will be reported in a separate paper.
Twenty-four hour oGH profiles of lambs selected for bleeding were determined after 5 wk on test (figure 2). Control lambs ranged between 1.0 and 6.8 ng/ml and averaged 3.1 ng/ml oGH. Lambs given DES had greater (P<.05) oGH values at three of the nine bleedings and averaged 7.2 ng/ml. Lambs given exogenous oGH had 106 ng/ml oGH before the day's injection. After oGH injection, plasma oGH peaked at 157 ng/ml at 6 h and then declined to 116 ng/ml at 24 h. The 24-h average of this group was 130 ng/ml. These data show that injecting lambs daily with 7 mg of oGH in 2 ml of olive oil caused circulating oGH levels to be constantly elevated by more than 2,000% after d 1 and 7,000% after d 14 compared with controls.
Published reports on the effect of DES on plasma GH levels of ruminants are not consistent. Trenkle (1969) found that feeding DES at 6 mg/d to lambs did not alter plasma GH, but the length of treatment was not indicated. L. A. Muir (unpublished data) fed DES to wether lambs at 5 mg/d for 10 d and at 2,6 ppm in the feed for 56 d and observed no effects of DES on plasma GH. Trenkle (1970) fed DES at 10 mg/d to steers and found increased plasma GH at 50, 100 and 150 d. However, Swan et al. (1972) fed 20 mg/d to steers for 118 d and reported no effect on plasma GH. Davis et al. (1977) examined the effects of DES on-the secretory patterns of plasma oGH in wether lambs. They injected DES at 2 mg/d and collected blood samples every 15 min for 12 h on d 23 of treatment. In their study, DES doubled overall means and base-line values of plasma oGH compared to controls and appeared to increase the amplitude of the secretory spikes. In the present study, DES had effects on overall oGH means and amplitudes of the secretory spikes similar to those described by Davis et al. (1977) , but only after 28 d of treatment. The timing of the plasma oGH re- sponse to DES was not investigated by Davis et al. (1977) . Results from the present study indicate that approximately 4 wk are required before an increase in plasma oGH can be detected in lambs given DES at .1 mg/d. Diethylstilbestrol increased ADG 15.3% (P<.05) and improved FC 16.1% (P<.01), with no effect on ADF compared.with controls (table 2). Administration of oGH did not significantly alter ADG or ADF, but improved FC 7.4% (P<.05). Comparing DES to oGH treatment, DES improved ADG 11.2% (P<.10) and FC 9.4% (P<.05), with no difference in ADF. In addition, carcass weight was increased by DES (6.5%; P<.05), but not oGH (table 3) . However, wool production was not affected by either treatment.
The effects of DES on growth performance observed in this study are similar to those that have been reported for wethers Andrews et al., 1956 ) and steers Preston et al., 1978) . The lack of effect of DES on wool growth has been reported previously (MacDonald, 1963) . The lack of growth response to oGH in this study does not agree with the research of Wagner and Veenhuizen (1978) . They injected four wethers asixteen lambs/treatment with average initial weight of 27.9 kg. bDiethylstilbestrol and oGH were given in olive oil by daily sc injections. Controls received daily injections of olive oil.
CLeast-squares means using initial weight as a covariant. dp<.05 compared with control; P<.10 compared with oGH.
with GH at 15 mg/d for 98 to 112 d and reported an increase in ADG of 20%. However, in the latter study, lambs were started at a higher weight (40 vs 28 kg) and gained at a slower rate (.186 vs .268 kg/d for controls) than lambs in the present study. Also, the GH dose used by Wagner and Veenhuizen was greater (15 vs 7 rag/d) and was given more frequently (twice vs once daily); however, they observed lower plasma GH values (54 vs 100 ng/ml). The improvement in FC observed in the present study is consistent with the results of Wagner and Veenhuizen; however, they reported greater improvement (13.6 vs 7.4%). In addition, the lack of growth response to oGH in the present study is not consistent with the reported growth effects of exogenous GH in heifer calves (Brumby, 1959) or pigs (Machlin, 1972) . Machlin (1972) reported improved FC in pigs given GH (13 to 19%) while Brumby (1959) did not report feed conversion. However, Reklewska (1974) injected young, growing lambs with bovine GH at 1 mg/kg body weight every 10 or 15 d until weaning at 100 d and found no increase in body weight. In addition, Wheatley et al. (1966) injected four sheep with oGH at 5 mg/d for 5 wk and found no effect on body weight. However, the sheep used in that study were adult. The lack of an effect of oGH administration on wool growth in this study is not consistent with the results of Ferguson (1954) . He gave four sheep ox GH at 5 mg/d for 5 wk and reportedly increased wool growth both during and after treatment. On the other hand, Wheatley et al. (1966) observed decreased wool growth during GH administration and increased wool production post-treatment. There are many possible reasons for the inconsistent results following the administration of exogenous GH to livestock, including purity of GH preparation, species from which GH was obtained, methods of administration, dose, animal species and animal age. In addition, several of the studies used only a few animals per treatment and, therefore, are more subject to error through animal variability.
Diethylstilbestrol increased the quantity of carcass protein 10% (P<.01) and moisture 8.7% (P~.05), with no effect on fat (table 4). The primary effect of oGH was to decrease the quantity of carcass fat 8.9% (P<.05). Also, oGH appeared to increase carcass protein 6.5% (P<.10) and moisture 4.0% (not significant).
The effects of DES on carcass composition observed in this study are similar to those reported for wethers (L. A. Muir, unpublished data) and steers (Rumsey et al., 1977) . Muir fed DES at 2.6 ppm to wether lambs for 8 wk and increased the quantity of carcass protein and moisture 16.7 and 16.2%, respectively, with no change in carcass fat. Rumsey et al. (1977) fed DES at 20 mg/d to Hereford steers for 27 wk and increased the quantity of carcass protein and moisture 11.6 and 10.1%, respectively, with no change in carcass fat. Collectively, these data demonstrate that the effect of DES on the quantity of carcass components is to increase protein and moisture with no effect on fat.
The ability of exogenous GH to decrease carcass fat as well as increase carcass protein in rats is well established (Lee and Shaffer, 1934; Greenbaum, 1953) . In Iambs, Wagner and Veenhuizen (1978) indicated that the gain in quantities of carcass components of wethers given GH at 15 mg/d for 98 to 112 d were 3.93 vs 6.19 kg fat and 1.28 vs 1.02 kg protein for treated vs control sheep, respectively. Also, Machlin (1972) gave pigs exogenous GH at approximately 6 mg/d and reported that GH decreased the percentage of fat 35% and increased the percentage of protein 8% and moisture 10% in the ham. Thus, although GH administration appears to increase carcass protein, the greater effect is to reduce carcass fat.
Diethylstilbestrol increased the weight of the liver 15% (P<.01), pituitary gland 26% (P<.05) and adrenal glands 12% (P<.10), but did not alter pancreas or thyroid gland weights (table 5). Administration of oGH had similar effects on gland weights, increasing the weight of the liver 10% (P<.01), pituitary gland 17% (P<.10) and adrenal glands 18% (P<.01), but not pancreas or thyroid gland weights.
Diethylstilbestrol has been reported to increase the weights of liver, pituitary and adrenal glands in lambs (Shroder and Hansard, 1958; Preston and Burroughs, 1960) and steers (Clegg and Carroll, 1954; Cahill et al., 1956) . The effect of DES on thyroid size is variable with either no effect or a decrease (Clegg and Carroll, 1954; Preston and Burroughs, 1960) . L. A. Muir (unpublished data) found no effect of feeding DES at 2.6 ppm on the pancreas weight of wether lambs. Thus, the effects of DES on the gland weights of lambs observed in the present study are consistent with the results of others.
The increased pituitary weight observed in lambs given oGH was unexpected. Although the mechanisms for regulating endogenous GH asixteen lambs/treatment with average initial weight of 27.9 kg.
bDiethylstilbestrol and oGH were given in olive oil by daily sc injections. Controls received daily injections of olive oil.
CLeast-squares means using initial weight as a covariant. dp<.01 compared with control. ep<.05 compared with control. fP<.10 compared with control.
secretion are not clear, the administration of exogenous GH to rats causes a decrease in pituitary gland weight (Bates et al., 1964) and in the GH content of the pituitary gland (Krulich and McCann, 1966) . The heavier pituitary weights found in this study suggest that either atrophy of somatotrophs did not occur and(or) other pituitary cell types were increased or enlarged. However, further study is required because pituitary glands were not examined for effects of treatment on cell types. References on the effects of exogenous GH on other gland weights are not available for comparison. Increased GH secretion has been proposed as the mode of action through which DES improves the rate of gain and feed conversion of ruminants (Lorenz, 1954; Preston, 1975) . In this experiment, the improvement in body weight produced by DES was apparent at 2 wk and continued to compound by similar increments over the entire 8-wk test (figure 3). Thus, the growth-promoting effects of DES were apparent at 2 wk and consistent over the entire study. Circulas oGH levels, however, were not affected by DES until the fourth week, when DES did cause a two-to threefold increase in oGH that persisted for the duration of the test. Thus, the growth-promoting effects of DES were apparent before the elevation of oGH. In addition, administering oGH did not increase body weight and affected carcass composition differently than DES.
It is well known that hypophysectomy prevents normal protein accretion in the skeletal muscles of young animals and that GH replacement therapy restores this process through increased protein synthesis (Goldberg, 1969; Goldberg et al., 1980) . The effects of GH on lipid metabolism are also well established (Goodman and Schwartz, 1974 ), but perhaps not as well recognized. Studies in vitro with rat adipose tissue (Goodman and Coiro, 1981; Goodman and Kostyo, 1981) and in vivo with sheep have shown that GH has an immediate, short-term insulinlike effect on adipose tissue that is followed by a prolonged, lipolytic response. In sheep, the asixteen lambs/treatment with average initial weight of 27.9 kg. bDiethylstilbestrol and oGH were given in olive oil by daily sc injections. Controls received daily injections of olive oil.
CLeast-squares means using initial weight as a covariant. dp<.o1 compared with control. ep<.05 compared with control. fP<.10 compared with control.
insulin-like effect of oGH lasts about an hour, during which time plasma glucose, free fatty acids (FFA) and ketones decline. The insulin-like effect is followed by a lipolytic response that lasts about 8 h. During this time, plasma FFA, glucose and ketones are increased . Apparently, GH produces adipose tissue refractoriness to the insulin-like effects of GH (Goodman and Coiro, 1981) . Thus, the lipolytic effects of GH would be expected to predominate when GH is chronically elevated. This probably accounts for the reduced carcass fat of lambs observed in this study. Similar effects of chronic GH administration may have occurred in lactating dairy cows in which daily GH injections increased milk fat yield 22.7%, but had no effect on milk protein or N balance (Peel et al., 1981) .
In conclusion, daily injections of oGH at 7 mg/d for 8 wk improved the FC of growing lambs without significantly altering ADG or ADF. The main effect of the oGH was to prevent the deposition of lipids into carcass fat. In addition, carcass protein and moisture were increased slightly. The energy, spared from entering carcass fat, could account for the improved FC. Diethylstilbestrol at .1 mg/d improved FC by twice as much as oGH. In addition, DES improved ADG without altering ADF. The improvement in body weight caused by DES was apparent at 2 wk and continued to increase by similar increments over the entire 8-wk study. However, plasma oGH levels were not increased by DES until the fourth week. In addition, DES, unlike oGH, did not alter carcass fat, but greatly increased carcass protein and moisture. These observations do not support the concept that the mode of action of DES is through increased GH secretion.
Literature Cited

